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THE UNCERTAINTY PRINCIPLE IN MODERN 
PHYSICS' 


By C. G. DARWIN, F.R:S. 


TAIT PROFESSOR OF NATURAL PHILOSOPHY IN THI 








In the course of the last twenty years” rather formal methods would f 

ere has grown up a great body of doe ordinary processes ¢ t tl iv7hts in a nat 
trine, the quantum theory, and its his- ural way It is with this aspect 

ry is in some ways the most curious in question that I shall be concerned, ar 






» whole of science. The developments in explaining it I shall make more us: 





* our knowledge have often progressed of the second resolution of thi 






nan uneven and irregular manner, with of the old quantum theory, which was 





important ideas sometimes long overdue started by de Broglie and worked out 







before they appear, but at least the pro- by Schrédinger. <A great deal of what 
eression is usually based on rational I shall be saying is to be attributed 
assumptions. With the quantum theory Bohr, who more than any other hi: 
this was not so; from its very inception cleared up the difficulties in which the 






seemed to run contrary to all logic. old theorv was involved 






Many conservative physicists at first It is evidently out of the questio 
frankly thought that such a self-contra- me to expound all the diffieulti S OL the 
dict ry theory must be erroneous, but. old quantum theory and then to set them 







as more and more phenomena were ac- rjght—to do so would take many weeks 






C mmodated, it became impossible to I propose instead TO Sé le ct two expe rl 
In) + ‘ heara *) > ; . —— : 
doubt but that there was method in the ments which between them typify th 






quantum ’s madness, and it was possible apparent contradictions of the theory 
v0 anticipate that some time anew SyM- and then to show how the new prit 
thes] , » ‘ > ’ “ea ; . ‘ 

hesis would be made which would re ciple, the Uncertainty Principle, remov 







move the contradictions and restore our 
reason to us. In 1925 the new synthesis 
was found, and this independently in 
two quite separate ways. As would be 
expected, at first the new theory was 
very abstract; it was, in fact, by deny- 
ing the validity of the ordinary laws 
of multiplication that Heisenberg first 
brought logic into the old confusion, but 
it was only a couple of years later that 
Heisenberg himself showed how these 





the apparent contradictions. My experi 






ments are to be regarded as types, eacl 





standing for a great mass of knowledg 





and the reconciliation of them ¢arries 





with it the removal of the main d 





culties in the way of our understandin 






of the quantum theory. 
My first experiment is simple, and in 
one form or another has been don 


again and again during the last thirty 









five years. Take an evacuated tubs 






1 Friday evening discourse given at the Royal 
Institution of Great Britain on February 26. 





arranged to carry an electric disch 
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between a pair of terminals. Cover 
one part of the glass inside with some 
powder of a mineral called willemite, 
and observe what happens in the dark. 
We should see that the willemite emits 
faint sparks at intervals all over its 
surface. A more detailed study shows 
that each of the sparks is caused by 
the impact of an electron. An elec- 
tron is a particle of electricity and is 
the lightest thing known; it was by ex- 
periments of this type that its char- 
acteristics, mass and electric charge, 
were measured. Moreover, the speed of 
the electrons could be measured in a 
variety of ways; in some of the ex- 
periments it was done by opening and 
shutting two holes through which the 
electrons must pass in succession, and 
timing how long they took between 
them. To give a general idea of the 
speed, it is found that when there are 
30,000 volts on the tube (not at all a 
high voltage) the speed is one third of 
the speed of light. This experiment 
tells us quite unambiguously that an 
electric discharge is like a machine-gun 
firing bullets, the electrons, at a target. 

Now turn to the second experiment. 
I ought, perhaps, to begin by confess- 
ing that this experiment has never been 
done; as I describe it, you will see why 
it is not practically possible to do it. 
It is to be regarded as a type-experi- 
ment, containing the essential point of 
other experiments which are practical, 
such as the great experiment of Davis- 
son, which first established the point I 
am about to explain. We shall again 
study an electric discharge of 30,000 
volts in a vacuum, but this time with 
a different outfit inside. We place a 
shutter in the track of the electrons, 


containing two small holes in it close 
together. This is where the practical 
difficulty comes in, for the two holes 
are each to be only a thousand mil- 
lionth of a centimeter in diameter, and 
they are to be a hundred millionth of 


a centimeter apart. The 
to be a meter long, and 
it, beyond the shutter, we pla 
tographie plate of extreme s 
After a long exposure (prol 
turies would be necessary) we 
the plate. If all this were pr 
possible there is no doubt 
should observe. The plate 
erossed by alternate bands wher 
fogged by the electrons, and b 
between where it was blank 
that no electrons came there. 1 
would be about 7 cms. apart 
the first half of the experim 
repeat it again, but this time 
of the two little holes blocked up 
this plate is developed, we shall 
bands at all, but a uniform fogg 
over the plate. Now this is an ext 
remarkable fact, when we try t 
stand how it could come about 
sider one of the blank places on t 
in the first part of the experiment 
electrons came there, and we mig 
and explain this by saying that 
way the place was protected fr 
electrons by the shutter. But bl 
one hole and the place is no longe: 
tected. The addition of what oug 
viously to be a further protection | 
fact, had the opposite effect. It 
though the victim of a detective 
were invulnerable when sitting in 
chair, no matter how many assassins 
shooting into the room, as long 
keeps both windows uncurtained, but 
soon as the blinds are drawn on 
window he falls a victim to th: 
bullet. This is, of course, fantasti 
it is not more fantastic than my 
experiments appear to be at first sig 
As I have stated it, this result s 
very remarkable, yet it is a phenome: 
quite familiar to any one who has st 
ied physics. It is cognate to one of 
great classical experiments of hist 
the experiment of Thomas Young 
light. Young sent light throug! 















holes close together (though of 
irse by no Means so small or close to- 


er as those of our experiment), and 


actual formation of bands, 


He de- 


served th ; 
much the way I described. 


1 from this that light must be a 
.ve motion, and we must turn aside 
« to consider what this means. 

It will suffice for us to take an ex- 


uple. and the most familiar of all will 
that of waves travelling on the sur- 
fae Imagine that we have a 


perfectly regular train of waves, crest 


» of the sea. 


following crest at regular intervals, ad- 
vancing across the sea towards a break- 
iter. First, suppose that there is a 

small gap in the breakwater, and con- 
sider what will happen on the other side. 
Evidently there will emerge from the 
gap a train of semicircular waves, with 
rests all at the same distance apart as 
Next, suppose that we have two 

gaps in the wall not very far apart. To 
see what happens I will invoke a very 
fundamental principle in all wave mo- 
superposition, 


efore. 


tions, the principle of 
which declares that if there are two mo- 
tions either of which could happen by 
itself, then there is a third possible mo- 
tion of the water, which is simply the 
sum of the other two; each motion goes 
on just as though the other were not 
there. In our case, then, semicircular 
waves will emerge from each gap, and 
these are to be superposed. It can be 
seen that at some places they reinforce 
one another, but at others they cancel 
This is the phenomenon of inter- 
and is the explanation of 
Young’s experiment with light. 

Our experiment with the electrons has 
told us that electrons also can show in- 
terference, and we conclude that an elec- 
tron is at any rate sometimes a wave. It 
is a natural question to ask what sort of 
wave it may be; for example, the waves 


out. 


Terence, 


we have discussed were waves of the sur- 
face of water, sound waves are waves of 
compression of air, and so on. 


The an- 
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best be made by considering 


swer Can 
the case of light waves 


for Young and the physicists of his 


to ask what sort of medium e¢arried the 
light waves of which he had established 
the existence, and a special name, the 
ether, was invented for this 1 

But things are not helped on a great 


deal by the use of this name, since ther 


essential difference between the 


is one 

ether and the media carrying sound 
waves, etc. We can do experiments with 
water or air which show us that they 
have properties unconnected with the 


waves they sometimes carry, but the only 
property of the ether is that it ¢ 
the light. 
not much use talking about 


waves of Consequently it is 
It except in 
connection with con waves, 


veyance of 
and so it becomes really a grammatical 
construction rather than a physical en 
for our electron 
the 


medium earrving 


tity. The same is true 
waves, and, in fact, no one has felt 


» + 


need of a name for the 


them. 
We have now wv 


lifferent pictures of the 


t from our two exper- 


iments two very 


first as a bullet, and in 
We 
resemblance between 
f aim to-day 
One 


electron, in the 
Can 
these 


the second as a wave motion. 
not 


pictures, and it is our chie 


see any 


to see how they can be reconciled. 
attempt at reconciliation has been tried 
times, but be 
If the electron is sometimes 


several must condemned 
altogether. 
like a piece of grit and sometimes like a 
stormy sea, the natural compromise is to 
say that it is really a plece of grit float- 
ing in a stormy sea. This is no use at 
all; like many other compromises it en- 
joys all the disadvantages of both sides. 
It is not something in the sea that we 
need, it is the wave motion of the sea 
itself. 

In order to see how we must proceed, 
we will first strengthen the contrast by 
uniting our two experiments into one. 
In order to do this we replace the photo- 


graphic plate of the second experiment 
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thea 


by a willemite screen. We should then mite on 
observe that there were secintillations in reaction on 

the places where the photographie plate speed a little 

was blackened, but none at all in the’ phase), and this is 
blank spaces. We can describe what has’ chance of interference. 
happened shortly by saying that the devised to show the 
electron behaved like a wave in going automatically debars us 
through the two holes, but changed over at the same time the wave 
into being a bullet when it reached the’ and vice versa. The real point 
screen. This is a very unsatisfactory argument is that we now see 1 


Inetriy 


account of the matter, because it at- not a highly abstract doct 


tributes foresight to the electron as to most a matter of plain ecomn 


+ 


what is expected of it, and if we are fan- We have got to convince 
ciful we can imagine that we could that the example cited is not ex 
swindle the electron by painting the two and that there is no ease 
holes so as to look like a willemite screen, should find a conflict bet) 
and so cause it to be a particle when it mands of the electron that 
ought to be a wave, and absurdities of either a wave or a particle ac 
that kind. the experiment to which it is sul 
The answer to these contradictions But it will be best for the mon 
was found by Bohr. It consists in recog- sume this and to construct 
nizing that experiments that evoke wave nature which will enable us 
characters and those that evoke particle about the way things behave 
characters are always mutually exclu-§ yiew, I think one might say 
sive, so that the contradictions do not view. that one can adopt is that 
exist in fact; we can not ever deceive jn nature a fundamental dualit 
the electron by making the two holes fied by the characters of wave 
look like willemite. For take our ex- ticle. An electron. and. in 
periment with the two holes; this exper- other piece of matter too, is a wa 
iment verifies the electron’s wave char- a particle, and both characters 1 
acter. We will try to test whether the kept in mind, but they must 
electrons were particles at the same time, mixed. Some experiments evo 
and the best way of doing this would be particle characteristics, such as st 
to decide which of the two holes each the willemite. and others the wave 
single electron went through. Todothis acter; and whichever type of experi 
we put thin films over the holes, each is carried out it is this experiment 
lightly powdered with willemite; then brings into prominence the corres} 
when an electron goes through a hole jing character. We shall have to se 
there will be a scintillation there, and in how it is possible that there is no cont 
this way we can decide through which diction in such ideas, but first w 
hole each electron went. We have thus better examine the nature of the du 
verified the particle character of the itself, for it is something quite n 
electron, and so we now go round behind scientific thought. I think it shou 
the screen to verify that the wave char- admitted frankly that we were all 
acter is still all right, but when we do happy before the duality was discov 
this we are distressed to find that there and that it would have been a si! 
is no trace of the bands on the plate. A world if it had turned out that w 
little thought, however, shows that this not need it, but there it is as the 
is natural, for the flashing of the wille- way in which one can understand 
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jamental difficulties 
ry. There is nothing like this dual- 
iny where else in science, but it may 
aps make it more acceptable if I re 
that there is a duality in metaphys 
which we all accept cheerfully and 
out complaint. I refer to the dual- 
between the objective and the sub 
tive, between, for example, the rather 
ult abstractions of the scientific 
neeption of heat and the much mors 
enant ideas we have when we burn a 
rer. Or, again, there is a very com 


Ol 


separation between the id 


a 
l 
Tt) 
I 


of wave-length, one-twenty-thou 
of a centimeter, and the percep 

m of green light, and yet the one a 
vs causes the other. There is the 
» sort of interdependence, associated 


liffere 
iimerent 


th the use of two entirely « 
uages, in the particle and wave as 


‘ts of the electron It should, per 


ns. be eonfessed that the analogy 


+h I have drawn is not a close one, 


the conceptions of metaphysics are 

comparable to those of science, but 

-vertheless it is perhaps helpful as 

wing how completely and spontane 
+ 


sly we aceept, and can not help ac 
pting, one duality, and so perhaps it 


rr 


‘mitigate our difficulty in accepting 
ther. 
We must now see how the characters 
wave and particle are to be associated 
vith one another. The main character 
fa wave is the wave-length, the distance 
between suecessive crests. On the other 
nd, the main characters of a particle 
its speed and position. There is a 
very simple relation between the speed of 
e particle aspect and the wave-length 
the wave aspect ; they are inversely 
pr yportional, so that the slower the elec- 
‘on the longer the wave-length. For our 
30,000 volt electrons the wave-leneth, as 
aleulated from the breadth of the 
ringes, will be very small, less than 
thousand-millionth of a centimeter. 
This is for electrons with speed a third 





tested, since only s 

enough energy to 

duee seintillat 
] . ] ; . 

slower electrons w 

lengths: for example. 


} 

iS Wwave-leng ty 
, 

his is t] 0 

In not yf ‘ urs 

uld see a wa \ 


Ss That one W a 

al sim I b \ 

the two ] ' 
ripples 7 ems 

water; if these w 

it the same distar 
regions would b 

tions as thos 

pear But ne 

tions of the two as} 
A Ww ive ) i mis. \ 

by a 1\ n ns 

apart; 11 means a re 

with erests s 
We ] ive Ss n Tt I 
rresponds to a p 
rate of 1 en S nd 


information at all ab 


natural and reasonablk 
may ask—where lh 
the particl It was ft 


answer to this quest 
whole business up 
it may be absolutely 
was quite unforeseer 


sight contrary to 


where, and there ought 


‘OTrrest | ‘ + +} 
corresponalng 0 5 


I 
aspect It is the 
sense that is t] D 
tainty principl 


To understand it, | 


different case, since a wa\ 


ing to infinity is r 


+ 
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Take the case of a ‘‘wave packet’’ com- 
posed of a number of crests at equal in- 
tervals, surrounded by quiet water. If 
this represents an electron wave, where 
is the electron-particle? The answer is 
that though we can not say where it is, 
we can say where it is not, for it can not 
be in the undisturbed region outside the 
packet; if the idea of waves is to mean 
anything, we must at least suppose that 
where there is no wave disturbance there 
ean be nothing happening, and so no 
particle. We must next make a digres- 
sion to consider how such a wave packet 
this 
is a well-known and much-studied ques 
tion of wave motions in general. It is 


will behave with the lapse of time; 


found that a patch of waves travels along 
in a straight line at a definite rate de- 
pending on the wave-length, but that as 
it goes it spreads so as to increase slowly 
in size. The rate at which it spreads 
depends on the length of the packet; a 
long packet, containing many crests, will 
only spread slowly, while if it only has 
a few its spread is very rapid. For our 
electron we are supposing that the par- 
ticle is certainly at first somewhere in 
the packet; where is it later? “Evidently 
still in the packet, so it must have 
travelled with the speed of the packet. 
But here comes an important point; the 
particle’s speed can not be fixed aceu- 
rately in this way, because the packet is 
spreading. Thus if we imagine that the 
particle was moving at the head of the 
packet it would be going faster than if 
it were at the tail; and it would be go- 
ing still faster if it started at the tail 
and ended at the head. So our idea 
that the particle may be anywhere in 
the packet carries with it the implica- 
tion that the speed is to some extent in- 
definite. In this way we see that our 
idea of duality will only work on the 
condition that there is some indefinite- 
ness in the position and speed of the 
particle. 

The indeterminacy can be expressed in 
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a more definite form 


long wave packet the 
electron is very uncertal 
packet does not spread mue 
is rather precise ; on the 
short wave packet will clear! 
rather accurate position for t 
but such a packet spreads ver 
and this implies great uncerta 
speed. It is possible to giv 
merical limits to the two une 
suppose that we measure posit 
timeters and speed in cent 
second, then it happens by 
numerical accident that for el 
product of the two uncertaint 
1. For example, if I know for 
an electron is somewhere Ww 
hundredth 


from some place, then the 


tanee of a 
principle asserts that its speed 
uncertain to about a hund 
meters a second, so that it 
stay for sure in the region w 
located it for a 
second. At first 
fantastic result, 
that it was only recently discove1 
it is entirely sensible and natur 
In order to 
pothesis then we have got to s 


ten-thousandt 
sicht this s« 


and it is litt! 


justify our dua 
there is something wrong with t! 
idea that we could measure anyt 
please as accurately as we pl 
shall diseuss the ease of the el 
cause on account of its being tl 
thing in the world, it 
crucial case; the uncertainties 


provides 


bodies are always less, and ar 
yond conceivable observation f 
of ordinary size. We have got 


that it is not possible to measur: 


taneously the position and speed 


electron with 
those allowed by the uncertainty 
ciple; and we must recognize 

any one can contrive a method by 
he ean better these precisions, t! 
structure of modern pl 


precisions higher 


whole 
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ry collapses, and we know nothing 
ut the foundations of nature. It 
ras the great achievement of Heisen- 
berg to show that all is well with our 
ries. 
We have to devise an experiment 
which is simultaneously to fix the posi- 
n and velocity of an electron with the 
ehest possible precision. The easiest 
way to fix a position with accuracy is 
take a microscope, and we can sim- 
lify the question of speed by suppos- 


ing the electron motionless. Our experi- 


t 


ent then consists in looking through a 


microscope at a stationary electron; it 
is not actually a practical experiment, 
though very nearly so, but that does not 
matter because our object is to prove 
that it would not work with unlimited 
accuracy even if it were practical. We 
now have to consider the question of the 
ecuracy of our instrument. The ques- 
tion of speed is easy, because, if the elec- 
n stays near the same place for a con- 
siderable time, it obviously has very 
small speed, and so we can check the 
speed to be zero as closely as we like by 
taking a long time over the observations. 
As to the accuracy with which we can 
bserve the position, I must cite certain 
well-known characteristics of the micro- 
scope. If we take the highest possible 
power of a microscope, and look at a 
series of objects each smaller than the 
last, we find that though the larger ones 
can be seen in sharp detail, when we 
come to the smaller ones that is not so 
their sharper corners seem to be rounded 
and hazy; and finally we get down to 
objects which ean only be seen as round 
dises, though they may really be as 
angular as the larger ones. This failure 
is easily explained from the wave theory 
of light; it is never possible to see de- 
tail of a seale smaller than the wave- 
length of the light illuminating the ob- 
ject. The wave-length of visible light is 
about one-twenty-thousandth of a centi- 
meter, and so if we are to use ordinary 
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light we certainly can not decide the 
position of our elect more precisely 
than this. We can do better, however, 
by imitating the process used in mi 
crophotography, which considerably ex 
tends the range of visibility by the us 


of ultra-violet light. But whereas in the 


practical technique of the microsc pe 
is hardly possible to double the resolu 
tion by these means, we are not so lim- 
ited in our idealized experiment; wi 
may take a wave-length many thousand 


; 


times smaller. For our purpose 1 
x-rays would be good, but still better ar 
the y-rays of radium, which have a wav 
length about a hundred-thousandth o 
that of visible light Say, roughly, a 
ten-thousand millionth of a centimeter 
With a microscope using this illumina 
tion we really can do something. But 
when we set the apparatus up we find 
a curious thing; the electron may be 
there at the beginning of the experi 
ment, and may be at rest, but something 
always happens so that the electron get 
knocked away, and our experiment is 


ruined every time. We must see how 


~ 


this comes about. 
About nine years ago, A. H. Compton 
e question of the 


was led to consider th 
way in which an electron would react 
to light. This is, of course, an old prob 
lem, but the virtue of Compton’s method 
was that he regarded it is a collision of 
two bodies, a light particle and an elec 
tron-particle. This was long before the 
wave aspect of the electron was dreamt 
of, and though the particle aspect of 
light was known, no one had as yet taken 
it so seriously. He found that an elec- 
tron can only seatter light by itself being 
set in motion, and worked out the vari- 
ous relations for the scattering of the 
light and the recoil of the electron. He 
then verified his predictions very fully, 
so that in speaking of the Compton effect 


we are not referring to an abstract doce- 
trine but to hard fact. Compton showed 
that the recoil of the electron is insig- 





394 THE SCIENTIFIC MONTHLY 


nificant for visible light, is easily per- trons to the left of two scree 
ceptible for the shorter wave-length of screens have very fine holes cu 
x-rays, and attains very large values if which are closed with shutte 
the light has the extremely short wave- the time. We first open th 
length of the y-rays. shutter for an instant, and 
We can now see where our experiment right-hand one for an instant 
is going to go wrong. Wemay compare tron which is found to the rig 
our problem to that of the biologist who sereens must have come along 
wants to study the life-history of some _ the holes, and must have tak 
cave-dwelling animal which dies if the time in doing so. Surely we 
faintest light falls on it; the animal is position and velocity as accur 
killed by the mere attempt to see how it like, by making the holes very 


lives. in our ease there is no difficulty only opening them for very sl 
about imagining that an electron-particle Quite true; we can say wher 
is absolutely at rest in some absolutely tron was, but not where i 


exact place, but it is useless to imagine emergence from the sec 

it because it is unverifiable. Weecan not tron will be scattere 

verify that it is there without light to trary direction, like 

see it by, and if we want to know the through the gap in the 
position with high accuracy we must use have, in fact, only succes 
y-ray light. But this light can only re-_ ticing the noble art of 

veal the electron provided it is scattered past. Once again we see that 
by the electron; and when it is so scat- of the particle as occupying a s 
tered there is bound to be a recoil, so of exact positions is a useless 
that even if the electron was at rest be- cause the experiment devised 
fore, it will not be at rest after the scat- what the position is will alwa: 


(‘] 


tering. So we can not fix the position the particle giving it a vel 
exactly without thereby spoiling the would not have had if we had 1 
velocity. If, on the other hand, we are _ the experiment, and so making t 
content with a rather rough knowledge mination useless. 
of the position we might use ordinary The general outcome of this a 
light in our microscope, and thus only experiments is always the sam¢ 
get a very small recoil; we have sacri- be summarized thus. If we 
ficed knowledge of position and have _ servative and did not belie 
gained a greater precision in our knowl- new ideas, we should regard th 
edge of the speed. When it is worked as a little piece of grit, and the 
out in detail, the result of our experi- located at some precise place and 
ment is in exact conformity with the sing some definite speed of moti 
uncertainty principle; that is to say, we time. But in adopting this 
can fix either position or speed as ac- lay ourselves open to the 
curately as we please, but either only at being asked to prove what the 
the expense of the other. and velocity are; and when we 
The microscope is evidently not going examine the details of 
to help us in breaking the uncertainty experiments, we find that 
principle, because of the tiresome way in’ always elude us, and remain un 
which the light makes the electron recoil, to just the extent suggested by 
and we therefore try again, this time certainty principle. There is, tl 
without the use of light. Suppose, for no warrant for our conservative a 


+ 


example, that we have a source of elec- tion, and, on the other hand, ther 








daualistie ideas ol 


Before going on I 


lietion in the 
ind particle. 
say that I have simplified the 


n by only discussing the case of 


tron. The uncertainty principle 
s to everything else as well, and 
nly reason why I have not dis- 
ssed the other cases 18 that the elec- 


provides the extreme case, so that 


an be thers are 


met there, all the oth 








uncertainty principle has very 
lly altered our views about one of 
of knowl- 


We 


was an absolute 


indamental princip 


lve, the principle of causality. 
ised to think that there 
isality in the world; that a full knowl- 


would inevitably 


ive of the present 
1 to certainty about the future. It 
s true that the force of the principle was 


‘+h reduced by the fact that we usu- 


had to confess to so much ignorance 


it the present that we could excuse 


irselves from any great self-confidence 


prophecy ; but we used to feel it as a 


from 


slight reproach that we suffered 


s ignorance, and to imagine that our 
scendants would become perfect 
phets because they would be omnis- 

nt. But now that the 
s definitely unknowable, so that there is 


future 


we see present 


possibility of foretelling the 


vith certainty. Every time we deter- 
ne something in the present we spoil 


mething else; and we are always at 

ist one step behind what we need for 
the purpose of confident prophecy. In- 
stead of certainties we have to deal with 
probabilities, and the theory of chance is 
raised to a more dignified position than 

used to occupy; it is no longer a con- 
fee] 


we ought to know, but of things essen- 


fession of ignorance of things we 


tially unknowable. 
Closely allied with the question of 
causality is the question of free will and 
puzzled the 
It is really not 


but it 


determinism, which has 


philosophers of all aves. 


a matter for the scientist, is 1m- 
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i ti a ' 
possible to co 
to it What I am 1 y Savi nas 
of th uthority S f 
behind nd it is 
one will agree wit! 






to philosophic kn: 







certainly resemb] 1 } 
philosophers in this ‘ 
every few months. In spit 










be calle 


When 










celve myself stand ! t outsid 
operations of nature, making arb 
decisions without reference to causes 
any kind, such as the decision whet] 
shall raise or lower my hand. When | 
observe your free will, it seems t 






rior ti 





be a very infe 
















priciousness in your actions, for 

a perfect uncertainty as to whether you 
will raise or lower your hand; i 
though you elan ! you re 
displaying my kind of free wi 1 
far as my observation ; your a $ 
have the same sort of un \ S 
displayed by an electron. It used to b 
felt by some that the old inexorab 

of nature allowed no latitud yr this 
capriciousness, al a nov 

have found that those laws were v 





we have escaped trom 












minism that they implied I do 1 
think this is the real point. Thoug! 
behavior of a sn ( O s very u 
certain, that of at iS iw be I 
regular, and when we « to tl 
number of electrons i human be 
we expect a very comp 1 I l 
The human body will be governed Db 
the new laws of nature al SI y! 










ously as by the old, | \ \ 
sider the enormous Dp tiol 
human being, and plete in 
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a. 


sibility of knowing even roughly what 
all the parts of the human machine are 
doing, this rigor need not trouble us, for 
even before the the 
tainty principle ignorance 
surely ample enough, and was evidently 


advent of uncer- 


our was 
always going to be ample enough, to pre- 
any confident forecast of 
tions. So I conclude that there was no 
great difficulty about your free will even 
before the discovery of the new prin- 
ciples, and that the philosophic difficulty 
is just what it was before, the intolerable 


vent our ac- 


contradiction between my free will and 


yours. 
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It is possible tnat 
always remain to puzz! 
seem to mat 


does not 


whether they do, whatever 


to the introspectionist may b« 


scientific 


that is of permanent value 


direct experiments with 
certain contradictions. 

tum theory 
tions, but seemed at fir 
of the 
the uncertainty 
the 


stractions 


removed 
most fantast 
was 


vealed common 





meaning of the 1 





By Dr. WILLIAM M 


Arrer more than thirty years devoted 
the study of ants I find myself won- 
f our nature 





ering why so very few \ 
vers have engaged in this pursuit. [| 
d that observing and collecting ants in 
any lands, quite apart from the benefit 
my health, have yielded a keen delight 
hich has remained with me and seems 
have eolored my recollections, so that 
have acquired the habit, when regrets 
nd unpleasant memories assail me, of 
them the 
in mountains, 

serts peopled by colonies of thrillingly 
nteresting ants. Certainly the pursuit 
f any branch of natural history may be 

‘ommended avocation to our 
youth, to convalescents, to our tired 
business men or in fact to any one who 
‘raves a hobby, a surcease from the 
nerve-racking routine of our city life or 
1 valid excuse for remaining as many 
hours as possible in the open air of the 
woods and fields.* But no branch of 
natural history, in my opinion, is so well 
adapted to furthering 
myrmecology. I shall therefore discuss 
some of the advantages of ants as mate- 
rial for observation and study, and add 


with memories of 


icing 


xeursions forests and 


as an 


these ends as 


*As the Australian myrmecologist, Mr. John 
Clark, remarks: ‘‘The study of ants is most 
interesting, and entails very little exertion. It 
should appeal to those whose health does not 
It keeps 
the observer in the open, with his mind fully 
occupied, so that life’s worries are soon for 
while a store of information 
gained. Ants are everywhere. 
They are easily kept in artificial nests, and 
make interesting pets. The food required by 
them is always at hand, and the nests are 
readily made; so that no one should experience 
much difficulty in keeping ants for observation 
at home.’’ 


allow of vigorous work in the bush. 


valuable 


gotten, 


numerous 


s 


SOME ATTRACTIONS OF THE FIELD 
STUDY OF ANTS 


PROFESSOR OF ENTOMOLOGY, 






ORTON WHEELER 


ITY 


HARVARD UNIVER 






account of the simple equ 


field and lal 


a brief 
needed by the 











server in the hope that some 
readers may be persuaded to join 
ranks of the myrmecologists. In cor 
sion I shall call attention to few 
many problems to the solution W 
the patient and enthusiastic student 
these insects may hope T yntribu 
The ants, unlike many other ins 
families, are represented by compart 
tively few species in any give 
but, being social organisms s d 
clency is compensated by I great nu 






bers of individuals even in 
The observer, therefor 








scribed areas, 














always has an abundance of material 
at his disposal without being confused b 
such a maze of species, represented b 
comparatively few individuals, as 
would encounter in many families 
flies, beetles, moths, ete The number 
species, subspecies and varieties n 
scarcely exceeds 60 in any of our New 
England states, and the entire ant faur 
even in any one of our Southern 






Southwestern states does not exceed 








to 150. The fact that ants can be s 
easily collected, since their most abu 
dant caste, the workers, are wingles 
and the males and females take to tl 






4} lit 


marriage thigh 





wings only during the 





‘ 
i ? ’ 


may also be cited as greatly facilita 
Ne 

less, fear seems to have prevented many 

people from making an intimate acquain 


; 1 
) 






verthe 





their observation and study. 







tance with these insects, though ft 
our North American forms can sti 
bite painfully and the great majority ol 
them are only feebly aggressive or even 
decidedly timid. Probably most people 


‘ 


are so annoyed by the sensation of 





ng or 









ants 
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crawling over the skin that they 
This 


overcome. 


aversion, h¢ 
There 
course, certain stinging species like the 
agricultural 

our Western 
Dorylus 


disturb colonies. Ww 


ever, is soon are Ol 


ants (Pogonomy rmex of 
the 
of Africa, the legionary ants 
Eciton of Tropical America, and 


bull-dog ants (Myrmecia) of Australia, 


states, driver 


ants 


he 
make much greater demands on 
fortitude of Exes pt- 
ing in such species, however, which equal 


which 
the the observer. 
or even surpass the honey-bee, bumble- 


and sting- 


bees and wasps in aggressive 
the 

compared with that of 

is singularly open to 


ing behavior, economy of ants, 


as 
very many insect 
observation. T 
structure of their nests, the whole per- 
sonnel of their colonies, the peculiarities 


ie 


of the various castes of adult 
the different 


ants, all 
stages of the brood from 


egg to pupa, can be examined without 
any difficulty. The marriage flights of 
the males and females, the expeditions 


and wars and the founding and develop- 
ment of the nests and colonies also fur- 
nish inexhaustible material for study 
the field. 

Ants are so extremely sensitive to the 
degrees of temperature and humidity of 
their environment and to the character 
of its vegetation that many species or 
subspecies are confined to 
habitats. 


in 


very narrow 


ecological This specificity of 
furnishes interesting 
matter for study, especially in connec- 
tion with the fact that nearly all species 


of ants are highly variable and exhibit 


also 


adaptation 


many subspecies or geographical races 
and even more numerous varieties char- 
acterized by subtle peculiarities of color, 
hairiness and sculpture. Hence the 
great importance of the ants as material 
for the investigation of geographical dis- 
tribution, variation and polymorphism. 
An even more fascinating field for ob- 
servation afforded the intricate 
relations between and other ants 
and between ants and other organisms, 


is by 


ants 


¢ 
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both animal and plant 


relations 


belong 


the 


quilinism, social parasi 


? 


( 
t 


tain peculiar plants 


and myrmecophily, or th 


relations 


fuests, 


lice, seale-insects, ce 


pillars, ete. 


of 


ays +o 
parasite Ss 


+ 


alts 


the 
and 
rta 


Field 


obse 


+ 
t 


I 


“Cal 


in 


phe 


ism 


» the latter the relations of ant 


yi 


++ 
put 


rvat 


broadens out into a study of gr 


and 
of 
both on the 


cases 


complexity 
the 


and 
most 
part of t 


l 


ne 
Li 


ants 


charges, known to occur 


ympris 


marvelous | 


ana 


among 


Finally a word may be added 


ing the esthetic aspect of myrm 


Ants are not usually regarded as | 


ful insects, and this is probably r 


sible for their ne: 


cists. 


some very 


There are, | 


beautifully 


1loweve 


r, 


ect by many 


mm The 
Aik ft 


eolored 


notably in Cuba and Australia 


possess a number of 


green or 


rorgeously li 


purple species, but 


temperate regions are apt to be 
dull yellow, reddish, brown or 
Yet even these species when 
under a low magnification are b 
means unattractive. Indeed, 

of the body, especially of the 
and males, is decidedly rrac 


the texture of 


the integument, 


Wi 


endless variety of fine sculpturing, | 


and luster and its delicate pil 


yS] 


many species exquisitely beautiful 


fortunately, we possess no really 


illustrations 


of 


ants, 


like 


the 1 


pictures of birds, beetles, butterflies 


because as yet no gifted artist 
ested himself in these insec 
field 
havior of ants can be of little 


Since 


out a recognition of their various sp 


observations 


L lids 


+ 
LS. 


on 


} 


subspecies and varieties, it is nec 


to collect 


and 


preserve 


specimé n 


i 


ly . 
vaiue 


~ 


comparative study and as essential 


ords of observation. This taxonom! 
, ly 


classificatory 





aspect IS 


~ 





\\ 


irksome 














THE 
4 








ecology than in the study of many 
groups of insects for the reason, 
mentioned, that the various 


occurring over a considerable 


1day 


are not very numerous. The field 
rker will readily become acquainted 
ith the majority of the forms in his 
state during a single season, but it may 
quire several years for him to find all 
rarer forms that nest in concealed 
situations. Often their colonies can be 
located only by carefully following acci- 
dentally encountered worker individuals 
till they return to the nest and thus 

tray its site. Even this method is im- 
ossible, however, in the case of certain 
inute subterranean forms, which rarely 
r never appear on the surface of the 
il. These can be secured, as a rule only 
by using the Silvestri funnel described 
below. 

The apparatus for field work in myr- 
mecology is very simple and easily ob- 
tained. It comprises the following ar- 
ticles, all of which ean be carried in the 
pockets of an outing jacket. 

(1) Some cloth bags, each capable of 
containing about two or three quarts of 
earth. 

2) A large white handkerchief or a 
piece of white oil-cloth about a square 
yard in area. 

3) A number of vials of ethyl alco- 
hol, or if this can not be readily obtained, 
of methylated or denatured alcohol. 

4) A pair of tweezers with fine, or 
preferably, with smooth, narrow, flat- 
tened points. 

9) A short, strong chisel, with a 
blade about an inch in diameter, a small 
trowel or a_ strong-bladed plasterer’s 
Knite, 

6) A good pocket-lens. An excellent 
one, with magnifications of 10 and 20 
diameters is supplied by the Zeiss or 
Leitz optical companies. 

(7) A note-book. 

The uses of these articles, with the 
exception of (1) and (2), will be ob- 


FIELD STUDY OF ANTS 


piece of cloth whic] 
ean then be earefully bri 


them collected with 
they can escape. 
holding entire small 


e laboratory for m 


usually possible in the 
in artificial nests. 

To the articles liste d above 
of apparatus, th 
vestri’s modification of 


They are so usef} 
ecologist that 
them in greater detail. 


here figure and describ 


mouthed vial 
or rubber stopper (B) perforated for the 


accommodation 





EXHAUSTOR 
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glass or metal tubes (C, D). The upper 
end of each of these tubes is fitted into 
a flexible rubber tube 12 to 18 inches 
long, one of which (F) ends in a per- 
forated mouthpiece (G), the other (H 

in a small glass funnel (I). Neither of 
these attachments, however, is really 
necessary. The lower end of the tube C 
is covered with a cap of gauze (E 

this tube is made of metal instead of 
glass a small piece of fine wire netting 
soldered to the walls of its opening may 
be substituted for the gauze. In using 
the exhaustor for collecting ants and 
other small insects running over the 
ground, tree-trunks or foliage the vial 
is held in the left hand, the mouthpiece 
is placed between the lips and the open 
ing of the funnel or the end of tube H 
is placed over the insect, which can then 
be sucked into the vial. Large numbers 
of extremely delicate Arthropods, such 
as small beetles, Pauropods, Thysanu- 
rans, springtails, mites, gnats, ants, etc., 
which are apt to be more or less injured 
if picked up with the tweezers or even 
with a brush dipped in alcohol, may 
thus be captured in perfect condition. 
If the collector carries a supply of vials 
of the same size as that of the exhaustor 
he ean, after making a collection, remove 
it from the cork and substitute a fresh 
vial as often as desired. The captured 
insects can be either kept alive or killed 
and preserved by pouring a_ small 
amount of alcohol into the vial. The 
exhaustor seems to have been invented 
by the economic entomologists to avoid 
handling delicate insects with the tweez- 
ers or fingers. It should be of consider- 
able use in physiological experimentation 
whenever it is necessary to move insects 
about without injuring their delicate 
wings or articulations or infecting them 
with foreign odors. The exhaustor is 
also very useful in transferring living 
ants from one artificial nest to another. 
A little practice with the instrument in 
the field will enable the collector to cap- 


eestor prs ting 
eS Bibe Ag 


s a elie Per aE 
ieee }. 


\ 


FIG. 2. SILVESTRI’S FUNNI 


ture a great number of uninjured 


mens in a very short time compared 
the old and laborious method of p 
them up one by one with the tw 

The Berlese funnel is an app 
which collects minute Arthropods 
matically from samples of humus or 
In its original form it was rather 
bersome and not easily manufa 
but Silvestri has simplified its const 
tion without impairing its efficienc: 
translate his account and reproduc: 
figure (Fig. 2). ‘‘The apparatus 
gested by me was described by Mr 
Jacobson? after he had used it for sev 
years according to my directions 

1F. Silvestri. Aparato para recolecci 
pequefios Artropodos. Conf. y Res. Re 
Espafiola de Hist. Nat. Madrid, p. 10-1 
1930. 

2E. Jacobson. Hilfsmittel beim Far 
Priiparieren von Insekten, besonders 
Tropen. Deutsch. Ent. Nation. Bibliothe} 


94-95, fig. 8, 1910. 


; 














simple, consisting of a funnel (A 
ean be suspended by three cords 
ver desired; of a sieve (B with 
s one to two millimeters in diam- 
nd a glass vial (D) containing 
1 and attachable to the end of the 
by means of a piece of rubber 


ing (C). This apparatus, thus sim- 
fied, is very convenient, especially for 
raveling naturalists, because they can 
ve two or more funnels made, of 
tly different diameters, so that they 
be fitted one inside the other and 
is occupy but little my 
vels I have always had with me since 


of these funnels, which have 


space. In 


}Q three 
r caused me any inconvenience. 
IS apparatus may 
or, more economically though less 
It requires no atten- 
humus, 


be made of sheet 
DIY, of tin. 
after the selected material 
tritus, soil, ete. | has been placed in 
sieve, [this set in the top of the fun- 
, and the vial of alcohol attached to 
end of the funnel. The length of 
me the material should be left in the 
sieve is very variable, depending on the 
quantity and humidity of the material 
ind the temperature and humidity of the 
surrounding air.’’ With the gradual 
lrving out of the contents of the sieve, 
e minute insects fall one by one into 
the funnel and thence into the vial of 
aleohol at its lower end. ‘‘This simple 
ipparatus,’’ as Silvestri states, ‘‘should 
be used by all entomologists interested 

the microgenton and especially by 
those who have an opportunity to live 
for some time in tropical regions where 
t is still possible to discover many inter- 

He coined the 
to embrace all the 


sting Arthropods.’’ 
term ‘‘microgenton’’ 
minute, poorly pigmented and usually 
blind Arthropods that inhabit vegetable 
mold, soil, dead leaves, decayed wood, 
ete. Quite a number of our smallest ants 
belong to this remarkable ecological asso- 
ciation and are very difficult to collect 
without the funnel above 


described. 


aid of the 
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and very different piece of | 


collecting 








Perhaps in this connection a1 
apparatus should 
namely, the automobile Its 
value to the field 
cially, in enabling him to visit rem 


tioned, 


myrmec ogist esp 


and unfrequented territory wit 


fatigue and loss of time, ean not b 


exaggerated. It will probably be found 
that both private and museum collections 


have greatly increased the number and 


} 
‘ 


variety of their accessions, especially 
insects and other invertebrates, since t 
automobile came into general use 
The myrmecologist will be led natu 
rally to supplement his field observation 
the laboratory 


with observations in 


Though this may be as unpretentious as 


any small well-lighted room in a house, 
he will wish to equip it with the appar 
tus both of the entomologist—ins 
boxes, insect-pins, labels, ete., and thos 


of the histologist—compound microscope, 
binocular dissecting microscope and the 
He will 
also need a number of artificial nests for 
I have described 
if these 


agents. 


usual glassware and ri 


living colonies of ants 


some of the various patterns « 


to my ant book,’ and a few 


an appendix 


others in a note published in 1 


During recent years I have 


colonies ot small ants can be 


some time in ordinary Petri dishes, pr 


W. M. Wheeler. Ants, Their Str I 
Development and Behavior,’’ Columbia U1 
Press, N. Y. 1910; reimpr., 192¢ 


4W.M. Wheeler. ‘‘Small Artificial Ant 
of Novel Patterns,’’ Psych Ap 1910, | 
73-75, 1 fig. There is an excellent chapter or 
artificial nests and on collecting and pr rving 


ants in H. Donisthorpe’s ‘‘ British Ants,’’ 2: 


ed., 1917. The following recent literature 
ant-study and artificial nests may also | I 
sulted with profit: H. Kutter, ‘‘Ziichtung von 


Ameisen,’’ in E. Abderhalden’s ‘‘ Han 


der biologischen Arbeitsmethoden,’’ 1926; A 
Starcke, ‘Ein neues Formicarium,’’ Z 
Anzeig., 92, 1930, pp. 152-155; H. Eidn 
Zeitschr. f. ver ch. Physiol., 1926, pp. 77 
821, and 7, 1928, pp. 39-5 E. Meyer, I 
Zentralbl., 43, 1923, pp. 353-404 and 47, 1927, 


pp. 264-307, 
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vided the optimum supply of humidity community. Our knowl 
and food is maintained. The colonies  sitic and slave-making ants 


can be readily transferred when required interrelations of ants and n 


from fouled to clean dishes, by means of remains very sketchy. Ws 
the exhaustor. satisfactory information ¢ 
The beginner in myrmecology may factors that initiate and 


become disconcerted or even depressed movement of ant colonies t 
when he discovers what an enormous sites. The population of a 


mass of literature on the ants has been colony seems to be a true gs} 
produced during the past two centuries. acter, but we have almost no st 
The veteran investigator may, perhaps, data on the number of a 


at developed colonies in various 


encourage him with the statement tl 
we are only just entering on the more the rate of the development 
experimental and statistical and there- or on their life-span. Mor 
fore more serious, interesting and en- investigations which have bee 
lightening study of these extraordinary pursued in Europe have ne\ 
insects. It is generally agreed that ants tended to our American ant 
communicate with one another, but the as those relating to the interest 
precise character and scope of this be- portation and distribution of p 
havior in the various species have never (myrmecochory). This list 
been satisfactorily ascertained. The awaiting further elucidation 
same is true of the homing behavior, indefinitely increased. For t 
though it has been the subject of much of those mentioned the ant-fau 
valuable experimental investigation. We United States, which is so n 
are still very much in the dark in regard than that of Europe, should 

to the feeding of the larvae by the work- quate material, without resort 
ers and therefore of the precise method splendid but less easily acces 


{ 


of determining the development of the tropical fauna of the West Ind 
various castes (polymorphism), which and Central America. W: 
are such a striking feature of the ant more myrmecologists. 
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but no attempt has evel been Cnase 
to set the taets out in order Llow The boat agai 
been led to take up this (to me ind this tu 
shark Vas s I y 


esting task will be indicated below 


SHARKS FEEDING ON STING-RAYS oratory of the U.S. B 
Everywhere that I have fished for hoisted it up 
‘ks, my fishermen helpers have ad ind there skinned and 
sed the use of the flesh of sting-ravs as huge specimen was 1 eet, 6 
best available bait Indeed at Key long: 4 feet, 2 inches 
st and at the Marine Biological Lab wide between the eves i t} 


tory of the Carnegie Institution of sal lobe of its ft 


Washington, at the Dry Tortugas, Flor inches in net! Kig. 1 shows 
where I fished rather extensively pended from tf] 
r sharks for four seasons (1912 to ning and disseet 
1915) we used to hunt for sting-rays to This specimen was 
se their fins as bait dissected 1 
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With this sting-ray bait we always had might be found in t luets. th 


ter success than with anything else. matter I suffered a keen dis 
professional shark fisherman, Captain but on opening 1 st ich I 
E. Young, of Brooklyn, N. Y., tells prised to find 1 
that he always uses ray bait when of a sting-1 
ssible. He has for many years fished nous fragments 
sharks all over the world and has Furthermore 
re first hand knowledge of methods SKIN awa trom tT 
catching these fis] than anv man region of the s 
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is many 
were 
Sq;Pua re 
more 
corner 
scarred and 
sults of former 
ravs had used their 
A total of 54 frageme 


found 


only One 

tion, Tour 

topsail catfish 

spines were taken mal 

ind the adherent fle 

came from the neel 

around some of these 

of congested blood 

stings were but newly 

especially 

A LARGE HAMMER-HEADED branes covering the 
SHARK embedded In CYSTS, 

had been carried for 

this very extensive 

‘worked,’’ I great 


LeSp te its offensiy\ 


_ had not been ke 
awenene seceted for spines 
undoubted|y, 


{ 


were found to be full of sting-ray stings have bee 
one even being found in the back. Later evion 
when the jaws were being cut out 
cleaned up, they were found to be a pe 
fect mine of stings ector: spines 

On the day following the removal of Felichthus felis 
the skin, about forty hours after th All the stings were 
capture of the shark, | began the work with the forked base. 
of cutting out and cleaning the jaws out intact. It is from 
With the July temperature at Beaufort or eagle ray, Aetobatus 
well up in the eighties, the shark was in the others are probably 


a pretty ‘‘high’’ condition, so the jaws _ sting ray, or ‘‘stingaree 
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THE LOWER JAW 


the commonest sting-ra\ 

The tail of the latter is used as 
and | have seen a large ra! eaught 
seine lash out savagely with it 
drive its sting 

a boat that the 


Save by breaking T ne sting 

large spine ; » bottom of the figure 
was torn out by the root However. iT 
has its tip broken off. The same things 


are true of the short basal part of a 


spine just below the center of the fivure 


: 
ye + ial ] 

[hese serrated stings will easily per 

] 


? 


trate a leather shoe ora rubber hoot and These accounts, 


will cause very formidable and painful come to me from fisherme 
wounds very hard to hea Fisherme! exaggerated, but the essent 
and writers on fishes in all ages and incontestable long tl 
climes have claimed that these wounds ffeets following 

are poisonous These ries even o aree were due to 

back to elassiea 


feartul 


Times 
ated wounds h: 
Francis Day 
Great Bri 
London 1880 
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itward and somewhat toward tft} all rotated up ! 
ysis of the jaw In this connee appeared | } S hy 
should be noted that the small taken by t ibn ! 
ent on top of the lower left jaw since the injury t t buds 
rred to in the preceding paragraph phenomenon red to 
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s very difficult to see how these three Pie Suo — © tay 
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‘Vv are found to do shark, Hy popru Ht f ‘ 
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ese spines are in their natural posi- @nee of the tip of one sti Ind A 
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Maree 


about 


or elg! 
pout ds 
tained 


te 


contained 
ably a black tip 
Captain Young 
net-fishine for shi; 
New South Wal 
large tiger shark 
badly torn Whe 
the last shark was 
was made fast by tl 
by the derrick on the 
through the mouth 


fin, liver 


first 
Fernandina, 
shark was caught, and 
by the tail. disgorged 
tions of tiger shark 


tified by the stripes 
ll THE JAWS OF A LARGE 


TIGER SHARK 


COMPARISON A 12-YEAR-OLD BOY HO 


from a water-fow!l 
The gullet of the 
J ther sharks, is 

THROUGH THES! Not! Many othe lark 
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LARGE SICI passageway connecting 


and the Capaclous st 

tion of the denticles would give dia shark is hune up by 

noses of genera and species. tends to become everte¢ 
From the same locality, in July—Ai evacuates through t 

gust, 1920, Bell and Nichols (Copeia, pp. digested material 

18-19, 1921), report stomach contents ‘ig whieh she 

of tiger sharks as follows. On July 9 which I eaptured 

a Galeocerdo, 1l feet. 3 inches long. eo) “lorid: years age 

tained ‘‘a large piece from the side o 

the head and gills of an 11-foot ha 


mer-head taken in the same net wit! 
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The hammer-head 


it.”’ On July 13, the stomachs of fou rie So 
tigers contained large pieces (some 0 ap “oe 
them equal to half of the shark) of the a 
blaek tipped shark Carcharhinus lim a x 
hatus 7 Two 10-footers, on July 16 


contained three or four young hammet 
heads. On July 31, a 12-foot, 2-inel 
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s as follows 
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1f Washington in 1914 
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an empty five-va 
on the west side 
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REPTILES USED IN STUDY OF HUMAN 
PHYSIOLOGY 








By Dr. FRANCIS G. BENEDICT 





the abnormally | 
man during fever it 
ht expedient by investigators 
he effeet of rapidly changing 
body temperatures in the ease of cold 
blooded animals The body tempera 
ture of the cold-blooded animal changes furtherance 
with the temperature of the air sui production 
rounding it under various 
How do these changes in the body been studied 
temperature of the eold-blooded anima The first experiments 
feet its body and how can a study of the Nutrition Laborat 
chane aid in understanding the blooded animals begat 
cause and results of fever in- man New York Zoological 
These are questions typical of those tha tinued over 
are continually presenting themselves to Nearly one 
the medical man and the researe! made, chiefly 


worker Some of them have w been a number of 


answered Others remain ve e  tortol 


solved. But there is no doubt 
study of animal physiology is necessar, 


} 


for the be understanding of hun 


In 1907 the Nutrition Laboratory w 


established in Boston by the Carnegie 


physiology 


[Institution f Washington, for the 
study of problems in human and anim: 


nutrition Since its establishmen 


Nutritional Laboratory has und 
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he accurately determined by noting thre hall Many 
temperature In the mouth or the cloaea irritable and daneerous 
but the exact temperature of the air The body temperatu 






surrounding the animal was not so practically all warm-bloo 





















easily found. For this reason mer remains essentially constant 
curial thermometers were not used in mal conditions, regardless 
our most exact studies, but, instead, a environmental temperature 1 
sensitive electric device, whereby the the cold weather of the At 


temperature of the skin of the snake and example, the body temper 


the temperature of the air around the warm-blooded animal is rn 
snake could be recorded within a few is in the temperate zon 
seconds Indeed, the polar fox is ki 
In the accompanying picture we see a a body temperature ever 
man at the door of the snake den in the that of man The tempet 


New York Zoological Park, holding in eold-blooded anima 

his hand a light bamboo pole, at the end is atfected by the temp 

of which is a so-called ‘‘thermo-june surroundings 

tion’’ or electric thermometer. This Thus, the Nutrition Lab 
electric thermometer is connected by that the body or the cell temp 


wires to another electric device (galva the snake changes with alu 
nometer) in the room outside the den. matical regularity with the 
The electric thermometer was carefully room temperature It has b 
placed between the folds of the snake, posed that the cold-blooded ar 


and the temperature of the skin at that a temperature a little ab 


spot was instantly recorded on the ap ment, but our observations p 
paratus outside clusively that the temperatur 
Fifteen seconds after this particular snake is usually a little be 


photograph was taken, this huge snake ithe environment 

a python) made a lunge at an observer It was likewise found tl] 

at the front of the den, striking its head loses a great deal of water fron 
against the plate glass at the front of and lungs. This water, in \v 
missing the absorbs heat The total an 


the cage but fortunately 
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smallest Mammals, proaue s 640 calories ot tl snal { 
ror each square meter of 1tS surface are temperature 
under normal conditions, W t] it 1 . environment 1 
eular activity, and at an environment Ing point ! 1 | 
temperature t S2 | The si the deat} t tl nil 
t! contral even when it has Tl san possible te mpal 
body temperatur s tl mouse, cal f a hibernati : 
produce at the most niy bout 100 vith that ' : 
calories for each square meter of suri veight an { sal 
area There is thus a tremendous all perature 
rereny 1! the thermal relationshily \ st t hy 
shown by these two types of anin s now in progress \ 
In this cap between cold-blooded ratol but is not vet mi 
warm-blooded animals three st! ng ll far the results ai ! 
termediary steps have been not several studies this 1 
further study of which will probab vestivators » ha 
throw much heht upon the pronounced marm vel t t sal 
differences between cold-blooded ind ture as the snake . 
warm-blooded animals heat production Hes 
The female python, for Instance iS mal havine the 1 r ] 
a bo temperature Let ially nignel better blood distribut , 
+} } ts environment dut ne the ineubd heat pl a eT ! il s l 
tion period. It will be interesting 1 evel of vital activit 
determine what its heat production Is body temperature is @ 
dut ne This period ind whether lt iT) Suel Val tions n bh ty 
proximates that ol varm-bl ded are found with t hip 
mals any more Clos Than ¢ S That rnd with the s) t 
the non-incubating snal n tl normal « rs 
| tortoises W Ist Irtiis I { are not I ind with ! 1) } 
fo. furtl , stud | ’ have an \ certai , nit 43 
higher heat production Tor eaeh squal body temperatul . 
mete! Ol Surrace irea than a t piace vever. esp i 
snakes alligators tna ZATCUS normal con tions result 
also have a mué richer b ad supp Therefore t is et \ 
than these other d-blooded creatures preting th : vernil 
but even then the blood supply or the production and heat SS 
tortoise is too feeble to enable it to p1 studv animals showing su 
duce heat at the same rate as the warn changes } } it prod ; . 
blooded animal! Nevertheless, it cal temperature ; the inenubating 
produce more heat than the snake, 11Z the red-fleshed tortoise and 
ard and alligator, and hence may _ be nating marmot. When such st 
considered to occupy an intermediary completed, we may hope to | 
stage between these animals and the solve some of the st nans 
warm blooded ms 1n } Iman pt S L 








ATION OF GEOLOGY TO OCEANOGRAPHY 


By Professor W H. TWENHOFEI! 


RI 


s pl 
l 
4 
\ 
ad DY ‘ 
s } 
S S TI 
Nort! \ 
‘ ( () ~ 
} 1) 
\ississip} 
nd P 
{ 
Tet 
? { sf 
Ir? 
<F 
| 
’ 
DS 
rine ly 
| ! dep site 
C wr} } < ; 
regio! 
t flints and ts 
| under t S D 
environm | 
( ~ P t 
cous 
Mi .) i 
. ; 
g \ \ 
| 17 








orvanie 
bone Ss, 

organie 
animals a 
they 
during 


\V here 
d 


conditions 


an 


invertebrates 
interesting and hay 
portance 

reologzie 


of 


points 
be 


products they 


| 


studied 


ditions under 


oraer 


and about 1] 
could 
we 


| 
( 


Waleott 


ony 


par 
emphasi 
¢ should be 


appreel 


Ih) 


ore S 


mak I 


fully 


vo?) trolled 


during 


by 


evolution 


some veoloevle 


extremely 


Among 


orvanisiis 








THE SCIENTIFIC MONTHLY 


for benthonic life seems to : 
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sath 
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Again the presence of organic rema ibundan 
! sedimentary rocks may indicate 

with respect to habits or places of 

n life certain environmental factors 

termine whether benthonie 

are present or not; but after 
‘ranie remains are as inorega 

ts, and movement is dependent 
competency and capacity 
nd these wa 


organic remains 
living organisms 
Mat \ examples or 
existing marine organisms be 
‘ted to places impossible 
the living an 
m Dog Bay 
Ireland, the f protozoa 
‘led several mi inland from 
sea: the same thing happens to a 
degree on the coast of Martinique 
the island of Anticosti crows and e 


carry the testa of the common sea urechh 
several miles inland and they also earry 
the shells of the common black musse! 


Mytilus, equal distanees landward fron 


the coast. Currents may bring abu 
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the 
coarser sediments which remain there’ on the 
because the transporting agents on the 
ridges do not have sufficient competency assistance. The 
to carry these coarser sediments to tl] is also needed to 
holes. Goldman has ealled attention to definite data on the 
the black muds filling deep holes in of oceanic sediments 
Chesapeake Bay and it seems quite cer 
RELATION OF SEDIMI 


tain that most deep holes of circum 
DEPOSITION 


scribed area on the shallower parts of 
the ocean bottom receive fine sediments The various rates 
which ultimately become colored by or different depths are 
vanic matter. unknown. It is assumes 


The great dolomite formations prob rate of deposition w 


ably bear some relations to depth and eal diagenetic 


also probably to temperature. To the ments due to the 


extent that these dolomites are the result materials in solution 
of the replacement of calcium carbonate - the organisms upon 
and most geologists accept the view tons have been made 


that the great formational units not deposited more slow! 


+ + 


affected by magmatie action are of re sands, but the assun pt 
placement origin—it may be considered more than guesses. T 
established that the original deposition tion in the deep sea 

of the calcium carbonate was related to to be almost negligible 

shallow depths. It is generally assumed suggested reasons for be 

that the replacement took place in rates may be much larger 
shallow and warm waters and that such supposed and that the 

is not possible in deep and cold waters. may be of the order of o1 

It has been stated that under conditions 60,000 years, a very slow ra 

of atmospheric pressure ealeium ear- sidering the immense period of 
bonate is more soluble than magnesium time and the great area of t! 
carbonate, but that under pressures of basins that rate is competent 
five atmospheres the magnesium ecarbon- for the deposition of greater q 
ate is the more soluble. While observa- of sediments in the dee 

tions are not wholly in accord with known upon the lands 

these generalizations, they may be ac- been assumed that the 

cepted as more or less approximately tion in shallow waters of such sé 


1 


correct. The generalization limiting re- as sands must be rapid becaus 
placement to pressures of less than five contain ripple marks, cross-lam 
atmospheres makes the places of its oc- and other evidences of wave and 

eurrence on bottoms of shallow depths action. But there are few good 1 
If dolomite is ever extensively precipi for assuming rapid deposition o! 
tated as an original sediment it would as of general application. As | 
seem that shallow depths must neces- out by Evans, the rates of deposit 
sarily obtain, as the double carbonate some sands may be far slower tl 
would have to be deposited where the accumulation of any other vari 
two carbonates approached equal solu- sediment. A bottom receiving a 
bility unless the deposition was affected supply of sands could not have 
by organic agencies. siderable thickness accumulated r 
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deposit 


warmer 
not seem to ha 
the quantitative 
under different 
ture. It is 


sediments 


comparison of 

In Warmer wat 
mined ransporte 
It has been suggested that great ripple marks 


black shale formations a he tica a Structures 


but it 


+ 


Normanskill are the deposit 
waters. Such doe seem likely, 
it may be the case ‘rhaps such bedde 
phosphorites as those of the Rocky Moun- formed in 
tain region may represe ‘old e@ondi understood 
tions, but facts ar ‘king. Informati 

It Is known 
adapted to the various temperat 
the oceanic waters and much 
has been done along these line 
application of the data to the fossil 
ganism has permitted various interpre 
tations. The reef corals do not endure tionships to the life 
a temperature colder than 68 degrees F. oxygen is brought 
at the present time. Do the reef corals  ]jfe ot] 
of the past have the same temperature On the other 
significance? This remains to be prove! frequent s 


and it is expected hat oceanography natter to the overlving 


will give the answer. bring about unfavorable 


The terrigenous sediments of high gome organisms. but fav 
polar latitudes are largely of mechanical to some others. Agi 
origin and thus have colors related to expelling carbon dioxide an 
the eolors of the fine particles of the +r precipitation of ealeiun 
rocks of derivation. Such fine particles jn waters saturated therewitl 
are dominantly of light colors and thus’ tent to which calcium ecarbonat 
it may be expected that the sediments ¢jpitated in this way does not 
deposited in polar waters would have be known. 
similar colors. But the colors of many 
sediments of warm oceanic waters are RELATION OF SEDIMENTS TO 
also light. It may be expected that CHEMISTRY OF THE SEA 
some day oceanography will produce the This is a large field and one 


data permitting from the colors and _ nota great deal seems to be know 
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SOME PROBLEMS OF OCEANOGRAPHIC 
CHEMISTRY’ 


By Dr. THOMAS G. THOMPSON 
EANOGRAPHIC LABORATORIES OF THE UNIVERS 
Professor ERIK G. MOBERG 


SCRIPPS INSTIT' ON OF OCEANOGRAPHY 


OnE of the factors of paramount 1m tions: but wit! 


} 


portance in the study of the chemistry fortunately relat 


y 


of sea water, is the selection of suit- perimental errors 
able analytical procedures. Infortu- thus considerabl; 
nately, the literature of the subject con- tain limits. 

tains many articles based on unreliable It has been the pract 
methods of analysis, the » of reput- tories of the University 
edly good methods the experimental to make an exhaustive st 


errors of which are too large to con- before applying it t 
sistently note the minute variations tak- water. This is m 
ing place within the sea, and, worst of plished by the use 
all, papers are occasionally encountered water prepared from 
in which the chemical technique and chemicals. 


knowledge displayed would even shame contains all the 


euch a 


a sophomore. Many of the average ana- sea water with the 
lytical procedures do not apply to the being subjected to inve 
study of sea water because of the inter ard solutions of the 
ference produced by other substances ent, prepared with al 
present in the water and thus, in many tions, are then added 
cases, the methods must be subjected to Water in quantities norma! 
further analytical refinement. This is a given chlorinity 
particularly true of the analysis of the process is employed, 
predominating ions occurring in sea ¢Xaminations are made 
water, as any change due to biological, ipitate. 
physical, or chemical factors must neces- For the major constit 
sarily be very small in relation to the water there are no metho 
large concentrations normally occurring refinement for field study, 
in sea water. Such analyses call for re- of the total halides, 
finements and techniques not usually de- must accordingly be 
manded of the average analytical pro- equipped laboratory. However, 
cedures. minor constituents many methods 
To a certain degree similar state- been developed, within a reasonal 
ments may also be made for the deter- gree of accuracy, that can be 1 
minations of the constituents existing in applied in the field and 
sea water only in very small concentra- aboard ship. Gravimetric meth 
1 Second paper in a symposium, ‘‘ Major Prob generally preferable in most 
lems of Modern Oceanographic Research,’’ at cause opportunity is offered 
the meeting of the American Association for 
the Advancement of Science, at Pasadena, Cali- 


fornia, June 17, 1931. 


test the purity of the pre 
weighed. However, volumetric 
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those ol! 


in temperature, var 
of dissolved sub 
Cl emically p re Ci 
lead to erroneous 
properly considered n many 
lorimetriec methods applied to se: 
r variations in the dissolved salts 
a pronounced effect. Wattenberg 
is nullified such errors in his modified 
thod for ammonia, Thompson and 
nnar used a similar procedure in 
lopment of the determinati 
iter capacity of sea water 
esent time Dr. Carter, of 
logical Station, is perfecting 


lure for the estimation of nitrates. 


- 
The constancy of composition of se: 

ter was postulated many years ago 
ind has been sufficiently demonstrated 


the predominating ions to a certain 


i 


limit. Thus sea water varies only as to 


+) 


the degree of dilution and 











‘ertain biological processes has _ been 
shown TO be au to pl Sp! ites and 
nitrates, but Atkins concludes that 


t a limiting factor tor th 
The 
Coast ot 


cates are n 
waters. 
Pacific 


that none « 


renera 
North America has bee 


ft these substances are | 








factors, except 1n certain estuaries, Db 
} 
marked evidences 


+ 4 / ; . ly 4 
Stances the situation 1S & mpiica { 


the presence of organic matter rhis 
undoubtedly contains 
id 1 


such circumstances many of the me 
to form complexes 


organic material 


+ 


the secondary alcohol group a1 
ions react with it 
therefore direct analysis is defied 

In 


very little distinction has been made con 


+ 


many of the studies of sea wa 


cerning the nature of the 
the 
designate 


various waters, 
been 
almost 


While 


omposition, 


universal custom has 
the 


on differences in salinity. 


and 
differences solely 
true 
ocean water is of constant ¢ 
varying only as to the dilution, accurate 
there 
may be very slight differences between 


the How- 


ever, labora 


ionic ratios show that 


studies of 


waters of the several oceans. 
it 
tories of the University of Washington 
that with d waters, 
found in the Baltic Sea, the 


rivers and in ¢certain stagnant areas, the 


has been shown in the 


more dilut Such as 
at mouths ot 
ionic ratios may show considerable varia 
The 


cause an increase 


tion. diluting waters will invaria 
bly 


unless there is considerable adsorption 


in the ionic ratios 


by the suspended particles in the fresh 
water as they come in contact with the 
of bac- 


water. 


marked evidence 
the 


Thorough detail studies of the physical 


water or 


Ss@a 


terial action in brackish 


and chemical phenomena of brackish 


at the mouths of 


waters, such as found 
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THE METAMORPHOSIS OF THE HORSE 
DOCTOR 


By T. SWANN HARDING 


RAIN r hs MARYLAND 


Ir a man gets sick in this country day. How many 
to-day there is no sure way for him to then and how 
procure the services of a conselentious 
and competent medical doctor. It is, 
therefore, a curious fact that if a man 
had a sick horse to-day, he would not be veterinarians 
compelled to wonder where he might mal Industry 


obtain the services of a good veteri this bureau accomplis! 


narian. He could wire the Bureau of has it had in enabli 


Animal Industry at Washington and ,, eombat animal 
find out the approved or the accredited ga cyio) 

veterinarians in his vicinity and be sur wen taint 
when he selected one of them that he , 


y 


an inferior 
had a well-trained and competent man » thar 
$ . : , : owe nan i 
in charge of his horse. It is further 
mental level 
more a fact that, so well organized has er 
, me . ropodist. W na 
veterinary medicine become in recent ar ; 
’ attitude? Is the 
years, there actually exist less and less 


fession even as we 


diseases tor horses. COWS, hogs and othe r 2 
. nary medicine t 
lower animals to contract. For veteri : ;' 
os nary research 
nary medicine has gone in the business . ; 
, contributions to 
of producing animal health en masse; it : 
. Isn’t the veterinarian 
has very largely substituted wholesale 


for retail methods. Without sacrificing 
anything of real value in the individual- 


respect now? In shi rt, 


+ 


his horse-doetor integu 


erlous scientist whose 
ism we all cherish so much and under- ‘%®™l@Us * 


stand so little, it has stimulated hun- 
dreds of scientists of various sorts to 


physician might rather 
deprecate? Let us see 

Many people are under tl 
sion that the horse doctor 1s 
as the horse. Not so at l] 


animal is extinct. Raymond 


work together for the good of animal 
health, and its accomplishments are 
such as to bring pause to human 
medicine. 

For, come to think of it, what ever 
became of the old-fashioned veteri- . : 
narian? The old fellow had a gig, a We owe the existence Of 
knife, a needle, a ball of twine anda few Canal to veterinary medicine, 


other instruments he was continually 


son? assures us that the veteri 


not passing. He also remind 


Smith and Kilborne’s solution 
Texas tick-fever problem supplied 
technique for the control of yellow ! 


—and there you are. 


getting mixed up with the carpenter’s 
tools. He rode round the countryside 
cutting hogs, opening abscesses, or visit- 
ing individual horses, hogs and cows in 1 Journal of the Americas 


19007 


the manner medical doctors visit to this cal Association, October, 1927. 
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= rv medicine, at Ohio State U1 
as ? ! S } ) ever, that Wi . 
: nt. of our med radu 5 
ve baccalaureate degrees, on 
17 
t our veterinarians possess M 
k‘urthermore, there are 1 © as 
~ cit tS ln our I! i i S UIS 
practicing veterinal ns in the 
['nited States However R 
requirements and qul 
es tor veterinarians are passing , : 
1890 Dean White went to Europ: 
ree years’ study and he returned vier 
1 a former vacant lot occupied by 
of veterinary medicine with 400 
ts attending, and which had al 
sent rth one ¢ re graduatn 
: Aes we hat bu a d . 
n ti country, wit 1 tot n 
i idents, and not n than a ‘ , ‘ 
LUO students at tl arges n 
nv, which is the s t ‘J s and 
out one third our animal wealt! : 
ne half our population, has five 
upped schools of veterinary A raing t 


ne; France, with one third our =, 12%, H $s D 


lation and one fourth our animals, 


three schools: al | (,reat Britan veterl ir’ l 
] } 176” witl t } 
$0. 000.000 population and one i462 with ti D 
th our livestock, has four The Save war horses 
livesto k of il] thes eountries estah shed 1 | 


hs our swine or sheep, yet these students, and on 
intries have as many schools of vet course state ¢ 
rinary medicine as we do and double housand st nts 
the number of practicing veterinarians. in 1926; the 182 
is indicates that veterinary medicine would not fill Bureau 
has been a little too much neglected in ry vacancies alo 
America in view of rational, scientific veterinarians wit! 
requirements. cent. turnover. WI! 
An editorial in The Prairie Farmer, amuck in September 


October 12. 1929. savs: not be made fast er 
. ° 7 , five ‘ Ths l ! | 
It is reported from the Kansas Agr ura IY ten I 
College that the enrolment in the veterinary sarily because serum 
— . red : lace +) 4 
7; 2 Journal of the American Veterinary Med pal a i 


ul Association, February, 1929. veterinary short 








tO make 


the field for 

has broadened 

ease control, city milk and 

tion, state and county veterinarian 

manufacture of biologicals, promoti 

of stock raising, army work, teaching 

equine work on 17 million horses, tubs 

culosis testing, fur farming with valu 

able breeding stock, and the poultry 

industry. There are now only 10,000 

veterinarians in the United States, or 

searcely one for each 18,000 domestic 

animals, not counting dogs, eats, f 

bearers, or poultry, and many of the respect 

number are perhaps near retirement or For, in spite of 

are already partially inactivated. veterinarians 
Each vear the report of the chief of animal populi 

the Bureau of Animal Industry calls 

attention this situation and the 

bureau has been most active in fostering 

veterinary education In 1927 

number of colleges whose eri John R. Mohler 

were eligible to compete in Unite 1920 census our hi 

States Civil Service examinatio1 wa tion was 27,283.41 

12. The freshmen registered were 19 lion animals were 

as against 165 the previous year. . draft work 

marked shortage of veterinaria r to 3 million more 


1928 l 


over 30 years was deplored. In agricultural work 
the number of accredited veterinary son.* the value of livestock 
colleges remained 12, but 242 freshmen farms was 3 billion dollars 
were enrolled, there were 1: gradu 5. billion in 1926, the latter 
etes, and ‘‘a growing recognition of the figure due to temporary 
veterinary profession as a promising There had been no decreasi 
eareer for young men’’ was presaged. ber of horses and there wert 
The fact should be emphasized that on our farms in 1910 than 
the United States Government, through jn 1920 than in 1910. Mu 
the Bureau of Animal Industry, with- creased in number rapidly 
out being autocratic, and without any that we slauehter some 115 n 
unpleasantness, has taken stock of the mals annually which must be 
situation, and has aided materially in for disease. and cows. beef catt 
weeding out low-grade colleges. The swine and small animal pets 
entrance standards and educational re- Pearson said there were 21 
quirements of colleges have been raised, horses and mules on American 
and the country now has well-trained 
and well-equipped veterinarians. Fi- 
nally, the Bureau of Animal Industry 
has so successfully advertised the short- 
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development of an immunizing agent As we hi 


against hemorrhagie septicemia, or J. Howard 


sleeping fever, of cattle, a_ biological Veterinarian 
product now prepared commercially, Health.’’® For 
which has proved potency and has to tuberculosis, anthrax, 
saved livestock men enormous sums of rabies, glanders, pyogenl 
money. The Bureau’s discovery of a foot-and-mouth disease, dij 
new species of hookworm prevalent in tre mbles. Anthrax is 
the Southern States led eventually to Moses deseribed ‘‘a bi 
the establishment of the International with blains upon m 
Health Board of the Rockefeller Foun- Homer, Seneca and Virg 
dation, and the Bureau’s subsequent disease. In 1849 the In 
introduction of carbon tetrachloride as types thereof were foi 
a remedy for hookworm disease has re- cal; we owe much to the 
sulted in the treatment therewith of 15 Pollender, Koch and Pastew 
million eases throughout the world case reported in America 
This, too, we owe to governmentally delphia in 1834; Louisi: 
financed veterinary medicine. Research anthrax epidemics in 1835 a1 
on the intestinal roundworm of swine cases had occurred in eve1 
led to a new system of hog raising based 1900. There were eighteer 
on protection from roundworm infesta nine fatalities in 
tion and a saving of a million a year in 1919-1920 Men 
the Corn Belt alone. ucts and easily be 

Each annual report of the Chief of Trichina, one o 
the Bureau of Animal Industry notes and hogs, cause 
the vigilant and effective pursuit of this trouble in man wit 
scientific work. In 1927, for instance, lar pains. 
347 counties were observed to be free Naturally, therefor 
from bovine tuberculosis; a survey of search is valuable in ¢ 


animal parasites was undertaken; there diseases. The 

was a record production of hog-cholera and the cattle-tick-] 

serum which checked serious outbreaks understand Rocky 

of that disease; many more counties fever, relapsing an 

were announced free of Texas ticks; fever in an. The 
research progressed as usual. In 1928, surra in hor and naga 
the report observed that 11,300,000 offered suggestions for the 
eattle were tuberculin tested; further trypanosomiasis in 
counties were released in the tick eradi- immunization of chickens 
eation work; supervision over licensed cholera and of cattle and sheey 
establishments producing animal biolog- anthrax was a forerunner of our 
ical remedies was successfully con- typhoid, cholera and plague 
tinued; the country was protected tions. The study of malnutrit 
against a dangerous outbreak of foot- livestock definitely assisted in th 
and-mouth disease; progress was re- .f human pellagra, seurvy, rickets 
ported in work on infectious abortion, beri and the other metabolic 
which exacts an annual toll of $50,000,- Tumors in animals have been 
000; animal parasite investigations were the advantage of cancer 
continued and the problem of anaplas- Treating the young animal 


mosis was attacked. 6 Nation’s Health, June, 1921. 
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method of eombatting su 


} } 


outbreaks and maintains a trained and 
experienced force of foot-and-mouth 
disease fighters that is not equalled in 
any other country. The government 
ably finances this work and no time is 
lost when an outbreak occurs.* 

Consider the 1929 outbreak 
nated in Los Angeles County 
October 6. 1928. the S. S. City of 
Angeles left San Pedro for a South and 
Central American cruise. On Novem- 


) 


ber 2 she took on board approximately 
18,000 pounds of fresh meat at Buenos 
Aires. She still had some of this 

hand when she reached Wilmingto1 


California, on December 8, 1928, and o1 


il 


December 20 transferred some of 

the S. S. Caliwa This ship sailed for 
Honolulu on December 22 and the 
Angeles followed her on December 29 
Both ships used up all their Sout! 
American meat before returning to port 
January 12 and 18, 1929, but the trim 
mings from this meat were transferred 
to garbage cans along with other gar 
bage and discharged from the ship; the 
varbage, infected with foot-and-mouth 
disease from the Argentinian meat, was 
steamed, collected for the San Pedro 
Commercial Company and later sold to 
the owners of two large hog ranches 
Mr. Frank B. Haas and Russell and 
Knight. Foot-and-mouth disease ap 
peared on the Haas ranch only. 

Mr. Haas first noticed lame hogs on 
January 10. This might be attributed 
to broken erockery, but on January 11 
there were other lame hogs, and on Sun- 
day, January 13, still more lame hogs 
were found in an adjoining pen. Mr 
Haas now tried to get in touch with the 
county department of livestock inspec 
tion by phone, but failed; he left word 
for Dr. Conti of this inspection service 
to visit his ranch on the fourteenth. 

8 J. R. Mohler, Journal of the American 
Veterinary Medical Association, September, 
1929, 


Dr. Conti examined 
confirmatory inocula 
mals, quarantined 

notified Dr. Snyder 


mal Industry coop: 


the district On 


' 
Snyder wire 


quarantine 


and 


of 33 ; 
feeted al loon, Kebrua 
appraised, slaughtered 
afternoon. The fift] 
found infected on 
composed of 67 a 
without military 
No further signs 0 
and quarantine wa 
The quarantined 
immediately surro 
fences of chicken 
excluded dogs, cats 
also gave assurance 
and other possible carriers of 
were not removed from 
The method was « 
guinary, but it a 
country was protected 
most dangerous eattle di 
istence. The personne! 
thoroughly trained, and 
moved to the focal point as 
from Washington, and performe: 
duties in a_ business-like 1 
Walking in, killing a man’s \ 
cattle, paying him the appraised 
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THE ROLE OF CELLULOSE IN INDUSTR'’ 


3y Dr. HENRY K. BENSON 


instinct to keep a diary is we 
universal, even in ancient times 
The materials used for writing at 1 
were those that required but little me 
chanical fashioning to fit them for tl 
purpose. The love letters and patriotic h , wi 
orations of ient tin were ens lried 
on flat st were impressed in 
which was afterwards dried or hard 
by sun or fire as in the Babylonian 
wood COVE red Wilt 
have 
and intestines of 
animals have als en made fit for 
writing upon; and there still exists in 
the Sorbonne in Paris a manuscript 
certified by an ancient librarian to be 
written upon human skin as well as 
elegant copy of the Bible which the 
Abbe Rive beli ki 
woman. Litt 
have been a bea 
When the Es papyrus was 
troduced, all these things fell into dis 
use except the parchment made from 
the skins of sheep and young goats, 
which is still preferred for certain pur 
poses such as college diplomas and other from rice straw 
rarely used documents. Quite appr dently transmitted 
priately, the parchment made from the the Arabians, who carr 
skins of old goats is used for drums and_ where, after 
tambourines. t 
The nearest resemblance to modern 


paper was that made in Egypt from the teenth century, linen 


papyrus plant. This plant has a soft England, and in 1712 


> 


cellular flower stem ten to twenty feet of Russia was 

high, of a triangular shape and made up hat he saw in a papel 
f thin coats of plant tissue. These thin that he engaged paps 
coats were separated by means of sent to Moscow to est: 
pointed mussel shells, spread on a table at his own expense 
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ng them 
products in tissue, t] 
packs 1ts eggs 
dairy industry 
cartons, 
cement 
materials 
in paper bag 
mix and blast 
ors Of houses are 
tructed of wood pul 
sary to apply some 
which we have in 01 
pulp for the exteriors as well, and as the 
per capita consumption of lumber d with an alkali a 
minishes that of pulp and paper olution of cellulose 
creases. It 1 tt too much to expect solution is squirted 
that soon we shall the high seas } extremely minut 
ships ot paper, fly throus he air | water, 
Wings of paper, . 
paper which may 
Spectacular as this forecast of tl ejected fi 
future uses of cellulose in pulp and worm. Th 
paper may be, vet more striking are the _ fiber silks, 
uses to which it has been put in chem) ficial silks, is 
cal derivatives. I have said that chem: audience, and | hope t] 
eally it is related to sugar and starel chemical industry will 
In fact, it may rather readily be the pleasure of we 
verted into sugar, and this hi er tells us that at one 
done in Wisconsin and the cows that fed prominent articles 
upon this food gave increased milk wit have advanced 
higher butter fat than when fed upo. make use of thi 


barley. In South Carolina the Du Pont be properly clot! 


Company some years ago used the saw ; 

dust from three sawmills for treatment - for the decor: 

by dilute acid and fermenting the r ‘lothing, but our 

sulting sugar to form the ordinary grain’ greatly improved 

aleohol. As the late Dr. Slosson used to under a_ glossy ¢ 

say, ‘‘It is now possible for a man after pride of the auto sa 

he has read his morning paper to get telling his prospect of t! 

drunk on it.’’ coats of oils and gums 
More intimately associated with our’ carefully brushed and rm 

daily life is the cellulose product whic! surfaces and how 

under the name of artificial silk or were baked in an oven 

leather or ‘‘Duco,’’ pleases us so much _ cellulose, nitrate it 

and which constituted a very consider- quick-drying liquid, 





THE EVER-CHANGING LANDSCAPE 


By Dr. HENRY C. COWLES 


0 OF | 


: 1 } 
rests, on the other hand, are 


rter-lived than hil In man 
human life is long enough 
rked change in the natural pla 
hill He 
Liis 
you ha 
wn and another 
. 
- its place 


Similar changes 
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quite 
bire] e 
northe 
produce 
lions 

What is quite 
of these trees ar 
widely by wind. Probably 
scarcely a foot of ground in 
and birch country which is 
every year by seeds of these 
most instanees these seeds 


nought, but when they happen to 


areas that have been cut over or burned, 
they germinate and produce forests 
The foregoing illustrates one of tl 
commonest and most wide-spread 
natural occurrences, namely; the 
nomenon of plant succession. Pla 
landscapes are, for the most part, 
process of continual change. 
these changes are rapid enough for 


] 


to get a photographie record of them 


over a period of years; while others art 


so slow that a human lifetime searcely 
suffices for the observation of much 
change. 

The sand dunes of our lake and ocean 


themse] 
shores are among the most dynamic of nitely. For this rea 
such landscapes. Even on a single’ termed a climax forest. 


windy day a dune may change its plac On clay uplands 


and form considerably. One of the mos much the same as in t] 


r ex- without the stress of 
t] 


ne Same andgda 


interesting cases of the struggle fi 
istenece is to be seen in the dunes, where’ end is 


some of our hardiest plants have a bit- On rock uplands the 


ter fight for life against the sand. Trees succession are 
like the cottonwood, shrubs like the wil- clay. At the 


low and sand cherry, and grasses like are very different, 








BIRD MIGRATION 


By ALEXANDER WETMORE 


Irom gro 


to church towers 
nd other speci about buildings 
some selectes 
‘Ss, and in 
the country-sk 
th roosts, when 
es of lawns or 
‘equently a 


come nigh 


throug 
streams 
lan candles 


such S 
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Arctic climate, and a majority ol! 


those found in the temperate zones, per for bird 


form migrations of greater or less ex he writer that 
tent, some of the species coneerned mak the movements 
ing journeys that carry them from the _ theory is sufficient 
Aretie regions to areas far south of the group of birds 


+ 


equator. While we think of migration § that initiates or start 


ordinarily as something peculiar to the nual migrations of bird 


northern hemisphere there are many question certain physio 
species of birds of the southern hem the bird itself that 
sphere that after their nesting season’ the season of t] 
move north toward the equatorial r the individual 
gions. Even in tropical countries n als to start the 
grants from a distance pass through so southward moven 
that the naturalist working in the West season concerned 
Indies or in Central America may see changes must 
warblers, sand pipers or other species 1n seasonal alarn 
abundance that have come from North birds to 
America reasons m 
From what has been said it appears’ ably been differ 
that the phenomenon of bird migration species eoneerned so 
is one that may be observed throughout cause for migration 


T he considered 


the world and has from this fact been mus 


It Taetors, some aff 


known and discussed by man from the 
most ancient times. Movements of birds species and some ano 
have been correlated with the seasons, Man, t 

and various rites and beliefs have been hen compared 
coupled with them by primitive peoples. through his depende 
Though the migrations of birds have tion of his environm 
been recorded and studied from the day S live, moves from pla 7e 
of Aristotle and other early naturalists along certain establis 


; tray 


to the present and a vast amount of in- through means of spor 


Y 
} 
I 


formation concerned with the arrival are limited in their seope and 


and departure of various species has_ difficulties in their accomplisl 
been accumulated yet there is still little contrast, the migrant bird, 
known of the reasons for the movements bered by baggage, flies with 
of birds as a whole. Some have attrib- tions, finding food and shelter w 
uted the underlying cause of migration parative ease, traveling long dist 
to changes in food supply, others to sea- with little apparent difficulty. T! 
sonal change in temperature, to a crowd- rival and departure of our robins, s 
ing that has driven birds from their lows and wrens, particularly tl 
original homes to which they have an in-_ turn to our yards and grounds in spr 
herited desire to return for the nesting is a matter of pleasant observatio 
season, to a reaction to seasonal change the part of many persons who 
in intensity of light, to shifting of range pleased to greet these friendly birds 
due to changes in the environment in their return from their winter’s 
past geological ages, to seasonal physio- neys. True appreciation of the ; 
logical changes in the birds themselves distances covered by these comparatiy 
and so on. weak creatures comes however only 
After careful scrutiny of all the the- the naturalist traveling in distant ec 





} 
ionea t 


ar bob-w! ite 


rs, as the blue 


‘ouchout 


I groups ol 
+ 


whole 1S ais 


pical species li 
perature 


r have regular 

disappearal oe, 
rular migrations 
ym one haunt to an 
ifts in food supply 


ns in their chosen environment 


With most birds migratory 
ents are well known and their sum 
nd winter homes have been recorded 
d outlined in detail with the dates of 


rrival and departure 
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average 
the 
living 
feNnLO 

. : 
numbered alumi 
may be subsequt 

] it | 


released, it has bee 
dividuals of many w 
have defini 
summer 
parently 
along definite 
*h 


The « 


the chimney swallow, thoug! 


limney 
the swallow family, resen 

group only superficiall 

southward migration 

flocks in fall and is re ly of continual 

in its movements south as far a ie G major contril 
Coast of the United States. then di through stu 
appears to return the followin; ing just mentions 
Years ago this swift was one of tl] 


cies that, with swallows, the sora ra manner 

and some others, was supposed by the their long journeys 

credulous to hibernate in a state of sus- major points regardins 
pended animation beneath the water and may or may not be 

mud of streams and swamps, and to re- actual origins of our 

vive and come to the surface again in_ tions, dating back 

spring. This superstition, entirely with- ginnings in remote g 

out basis, has been believed for cen- even our modern types 
turies, and still persists in some locali- been known for millions of year 


ties. As regards the chimney swift, how main more or less mysterious 
ever, in recent years it has been observed ject is one that will repay st 
in passage in eastern Mexico and in the consideration. 


MARRIAGE AND FAMILY LIFE AMONG 
THE PLAINS INDIANS 


By Dr. ROBERT H. LOWIE 


PROFESSOR OF ANTHROPOLOGY, UNIVERSITY OF CALIFORNI 


1 
} 


THE so-called savage tribes of the do they act like the wil 
world are not like undisciplined hordes forest. They abstain 
of apes. They do not live only to gratify consider delicious food 
their animal instincts. On the contrary, elders so command, and they 
all their behavior is regulated by strict only from a 
standards. The aborigines of Australia boys, respectively. 
are among the simplest peoples on _ breaking either of these rules wou 


? 


record, but neither in hunger nor in love’ been considered most immoral. a1 
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customs They held 


buffalo-hunting 


Sway 


among our 


also in many other areas, in 


Bible If 


often 


are recorded in the 


died, 


brother or cousin of the 


his widow was taken 
deceased 
evidently would maintain the old tie be 
Also, if a 


daughter of a 


tween the two families. mal 
took to the eldest 


household, he often 


wife 


; 
sisters 


married her 


also as they came to be 
Indians sometimes say 
way to enjoy polygamy without quarrel! 
between the wives 

No woman felt disg ) 1 
any other form of polygamy. However 


4 ] { 


polygamy could not be general for 


41 
re 


simple reason that there were not enoug! 
Her ee, only 


cou d hay 


women to go around 
distinguished men 
more wives 

It might be supposed 
riages were arranged by paren 
where a wife could be inherited from an 
older relative, no such thing as true love 


could blossom. This is a grave popular 


error. Deep affection united many hus 
bands and wives. There are 
] 


iove 


even 


of ‘‘romantic among our 
the ‘aditions 
find 


devotion, a woman going alone throug! 


tribes. In 


life. we eases of tru 


their social 


hostile territory to rescue a crippled 
lover; a man, who like Orpheus in Greek 
myth, follows his dead wife to the land 
of spirits. 

There is another popular fallacy that 
abused 


wife much 


true 


an Indian was a 
drudge. It is that 
constantly 


Plains women 


were more employed than 
men, for they managed the daily routine. 
It was the wife’s business to pitch and 
take down the tent, arrange the inside, 
eook food, fetch wood or 
the skins of animals and make clothing 
of them. The men 
whole days in 


water, dress 


and containers out 
did 
leisure. 


sometimes spend 
When they did work, however, 
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their tasks were mol 


hunting buffalo or raidi 
was a dangerous job. <As 
ment, an unfaithful wif 
ly mauled or even 
the tribes, but gener 


severe 
some of 
was looked down upon if 
wife without strong provocat 
Children 
coddled by their pare 
beating them was very repuls 
Indian mind. A white trade 
the Assiniboine for ov 


man Strik 


were 


with 
years never saw a 
along 


lines, 2.e., parents gradually 


Education proceeded 

offspring the pursuits of 
Some quaint 1 

dian family life 

was not pe rmitted to talk 

sister ; only as children were b1 

sister allowed to play and chat 

Still stranger is the wide-spré 


also found in Australia and 
that a woman must not speak 


in-law nor he to her, a rule 


survives. This has nothing 
our mother-in-law jokes, but 
sense of mutual estee 


deep 
woman spoke to her daughter’ 
it meant that she had no 
him. 

These etiquette 
Indian family relations diff 
But odd as they appear to 
than | 


- 
UI 


} > 
ruies ol 


ours. 
refinement rather 
They prove that social intercours 
not left to instinct but was strictl: 
lated by social norms. The Pla 
stickler for the 
them. Nei 


hor aS a } 


show 


} 
»+ 


dian was a 


understood 


prop! 


ther 


as he 
lover nor as a 
was he anything like 
popular fancy, but rather a huma: 
like ourselves who happened to wor 
somewhat different 
havior while displaying much th: 
sort of human sentiments. 


spouse 


the sav 


standards of 





BEAUTY AND THE SCIENCE BEAST 


By Dr. J. O. PERRINE 


possession 
al d diving 


of things 


seems To 


beauty 1s macrosc 

beauty is microscopic 

thuses over beauty as an overall attri 

bute, as a composite of line, curve and 

color: a sunset, a 

symphony, a Grand Cany 

thing of great proportions 

inspiring majesty; his is 

far-off, a long-distance view; 

macroscopist. The scientist sees b ’ 

in the individual item: in line, tone and 

eolor per se; an electron, the strengt 

of a single wire among thousands whic! 

support a bridge across the Hudson 

River, the making of a glass stain to Helmholtz 
last for centuries in the windows of a_ bring about 
Cologne cathedral; his is a particular, Indianapolis 


a close-up view; he is a microscopist There nee 
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which type of beauty beautiful ; 


each has its devotees; to each group its 
brand of beaut 
fying 
*“When |] 
work of Thy 
stars which 
the poesy of % naeré scopic psalmist. 


into the heavens and wonder 


To gaze 
and wonder and do nothing about it is 


one thing; merely to see Halley’s comet 


across the neavens IS one 


Streaming 
thing; to concern oneself with the de- 


tails of the heavens, with nebulae, with 


distances measured in light-years, is 
another thing. To understand the pre- 
with which the planets speed 
their 
to know 
older than blue 
Halley *s comet will 
fied 


these 


cision 


orbits; to think with 
that 


to predict that 


along in 
Copernicus ; red stars are 
Stars ; 
reappear at a specl- 


hour, day and year; these facts, 
intellect, 
these microscopic cont epts are of them 


beauty to those of 


achievements of man’s 
selves comparable in 
the psalmist; they add rather than 
detract. 

A few years ago a t, genericall: 
speaking, wrote as follows: ‘*The best 
Christmas gift that has ever been given 
to North America is the establishment 
of friendly relations be 
United States and Mexico by 
bergh’s flight. The 
that Lindbergh has captured the imagi- 


Tween the 
Lind- 
reason for this is 


nations of all and has therefore 


people 
gotten beyond cold scientific facts. The 
loveliest scien- 
tific.’’ 


narrow 


things in life are not 
What a 


macroseopist, if 


poet, what a 


such an anti- 
thetical phrase is tenable. Perhaps the 
imaginations of many people do not get 
beyond cold scientific facts; that is the 
people Fortunately, 
others have gotten deep into cold scien- 
the Wright Brothers, Lang- 


Lawrence the 


way of most 


tific facts 


ley, Curtis, engine 


designer, oil chemists, geologists, ex- 


perts in thermodynamics—all of them 


Lindb: roh’ 


made quite 


microscopists. 
have been 
cordance with poets’ st: 
ing a modern artist pai 
the fuselage, as Rapha 
Madonna on the head 
centuries ag 

beauty woul 

his goal. 

of fact, made 

and his comp: 


cator, gauges, the 


microsco 


and other 


. 1] 
to nis intelligence, 


required cold facts 

his way through darknes 
above clouds by da 

a flight . 
eall from 
thence 


across 
san 
by wire, 
in mid-ocean ; 
ing through a 
not accomplishes 
favorable, electric 
tractable or rock 
information as t 
propitious; how 
may be made to serve; 
and analytical method 
of science are the f 
and in them there 
The seientist agree 
the loveliest things in 
tific. However, they poss 
liness in mauy, 
of science. 
Flowers and childr: 
they are beautiful. 


they grow 


lilies, how 
his glory was 


these. 


i) 


I met a 
She was 
Her hair 


That clusterec 


The poet says: 


TO pieces ; 


pistils, its leaves; don’t destroy it; 


look at it and be 


many inst 


ss 


**Don’t pick 


charmed 


+ 
Lit 


don’t think of its stamens 


by 














those 1n 
greatest was to 
hosen A nove 
soldier A painter Ni 
pist, Pasteur. Mindful 


had done and the | app 


to the world, the common 
him the greatest lt 
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STARS ON OUR FLAG 


By AUSTIN H CLARK 


‘ 


surtace Ol 
ol England 
d little five-sided 
s which are beaut 
sculptured on 
little stones ar 
places Somet 
are e¢ireular 


“d The central | 


he strung like beads, 


S they were ofte } 











Just 
have ; 
t] heraldie mull 


or stars wl 


1e 
th a 
pierced mullets 
The word mullet 


mole tte. a 


ONES FROM 


is derived from the 
he STAR-S 


Freneh diminutive 





THE STARS ON OUR FLA 


STONES 
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THE PROGRESS OF SCIENCE 


THE NEW RESEARCH LABORATORIES AT THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


REALIZING that physics and 
mistry are thi 0 Nneimeerine, 

} ] ‘ . } 
ind believing that uture will see 
at advances in f applying 
ence to human wel achu 


ts Institute of Technolog 
significant step In preparing for 


levelopments by the bul 
h laboratories f 


hemustry Beine built 
provided by Mr. Geon 


are Pal dhl ee 


eseare 


horatories 


Kastman Researe} 


The man ribo 


THE GEORGE EASTMAN RESEARCH LABORA 


PIOTO 


COMPLI 0° 


1755 
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GEORGE EASTMAN 
D THE FUNDS FOR TI! LABORATORI! 


rHE BUILDINGS Ww ONE 





THE 


PROGRESS OF 


rHE BATTELLE 


MEMORIAL INSTITUTE 


laborator 
to carry 
researen 

and fuels and 
for research sponss 
rr individuals is indeed 
tio 

possibilities of 

neeived by 


industrialist 


les a number 
will he establis! 
Institute as a re 


a That it speclaliz 
allied fields 


staffed with « 
elds and equipped 
or research o 
ind have 


ers 


available 
the reach of all 

idea of such a dual functioning 
s well founded It 


enables Thre stati 
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the building is memorial in character the beneficiation ot! 
with spacious entrance and lobbies done research on 
in beautiful architectural treatment wit! ments for the 
polished marble walls and bronze fix search on beari 
tures The balance of the dignified alloys for the 
structure is devoted to the practical 
operation of research work. The equip 
ment, which is constantly being added to 
is of the most up-to-date typ: Th 
equipment purchases are oriented 
relation to the projects carried on by the 
institute as well as to those sponsored by 
industry funds are 
The institute’s staff has rapidly grow: methods of 
in the past year to a total at the present — bustion 
time of SIXTy, the technical staff beine ture pro 








MEMORIAL INSTITUT! 


} 


specialists In Various phases of metal ow-te mperature carbon 
lurgy, fuels or allied fields cooperative with Engineeri 
The response from industry and indi ment Station, Ohio State 


viduals during the first vear of actua allovs of iron researe} 


operation has well cle monstrated the fact known information and 


that the facilities at Battelle Memorial monographs, cooperative 
Institute are in active demand and its ing Foundation and ten t 
capacity for industrial work will soon — ties) ; miscellaneous nitri 
be taxed if the present rate of growth constitution of hydrocarbons; 
continues. eoal ash on refractory brick 

The following projects, sponsored by with the American Society of M 
industry, are in progress: Endurance ical Engineers and the U.S. B 


properties of special steels: research on Standards 
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MAX VON FREY 














THE 





SUCCeSSOr © 





Investigations 


ree periods An early period 






of the mechanics and 1 bolisn 
muscle. which. bevun HS j 7 vl ) 
s continued until the results ist 





1 inelusion in Nagel’s Handbue 


7 Physiologie, unde the tith am | lon 






he Phvsiologie ad - quervestrelte) 
Muskeln.”’ One importa serva 
this early researc] Was that ict 





‘id could be oxidized in live Th 





se of physical methods In phyvslologic 





vestigation Was Keenlv appreciated D 





ved such methods in prosecutin 





I the eireulati l 






itch are contained in a monogr 





‘Ueber den Puls,’’ which he dedicated 





his teacher, Ludwig 





From 1895 to his deat] ! Was en 






ossed in the problems of cutaneous 
sensations, his life work, and a phase 





f physiology with which his name wil 





ways be associated. He was intensely 





nterested in the skin as the boundary 





between the organism and its environ 





nent, and in the manner in which the 





environment impresses itself upon 





rganism through the nervous pathway 





Employing stimuli of just threshold 
value, he demonstrated that the various 





sense spots were discrete elements As 





early as 1895, on purely logical grounds 
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THke PROGRESS OF SCTENCEH 


WEIGHING THE ATOM 


de parts, 


S$? OOO. exclusive 


. { r 
eClLabtlVITV Comes a 
such 


ori 
produce ri 
nus compleme nt 
vith high voitaves 


In progress und ind syste? 


sssor E “i Ton Millikan 
in California, Dr. M. . true explana 
is associates in Washi 
Dr. Robert J. Van di 


‘OsmnICc Tavs; on 


» the building 
usetts Institute of nuclei partly becaus 
» these observers seek to brea! the existence of thi 

tomie nucleus to learn } ro type. The nature and 


aSS-Spt etrograph studies 


art 


COSMIC Tavs emitte 


»amount oF the 
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vhicl in, would determine their Dr. Bainbridge 1 

vay net Hene \ not | DOs ment 

sib T relate I new hydrogen nu Ls lons t 

1 the bserved cosmic rays w ts rated are produces 
packing fraetion is determined charge throug \ 

his will be simple matter | Dr ra volatile comp 

Bainbridge iS SOON as recelves Ss ) I -_ hs 
able sample of the hydrogen I) lectrons can b 

his apparatus works best for the lighter = side of the atoms 
elements like hydrogen, and the para The resulting lons 
doxical situation arises that single atoms velocities and energies 
f elements like gold and mercury ar ft masses, depend 
actually almost—but not quite—too were present. T 
heavy to be separated and weighed c duced in the disehar 
veniently ! duced into a cha 

Other chemical elements than hy called a vel 
drogen will come under Dr. Bair this section 

bridge’s observation, for Aston has through into thi 
shown that most elements consist of a ratus ions of a d 
mixture of isotopes, or atoms of dit the various masses 
ferent weight, and many elements have’ leaving this part 

not vet been analyzed from this point introduced int 
of view In the case of these elements bent around 180° and 
we actually have no idea of the wi ivht on the surtace of 
ol their atoms, even though their The ions describe cir 
‘atomic weights’” have been accurately radii proportion: 
determined by the chemists. The situa lons, sO that thi 


tion is like knowing the average weight on one end of the p 


per orange oft a hag oft a dozen oranges IONS are TOCUSS* ad on 
easily found by weighing the bagful, but photograp! l¢@ plate Is a 


not knowing the weight of any one of | points of impact 





1 


the individual oranges in it. Only when ful measurement 

the individual weights of all the differ sible to determing 

ent kinds of atoms of all the various ions and hence the masses 
chemical elements are known, will physi- of the elements with a: 
cists be satisfied. In the 92 elements of | part in 10,000. By measut 
a chemists’ periodic table, well over 150 ening produced by the ions 
different isotopic species have already abundance of the isotopic 
been found and the search is far from of an element can be detern 
finished. Thus the physicist with his actual mass of the mate 


more particular eye discerns a greater on the photographic plat 


variety of atomic bricks of matter than evreater than 10 eran 
the chemist has needed to take into ace exposure of a mass spectri 
count. three elements consisting of 5 


To explain the operation of the mass- species. Exposure times rang 
spectrograph in discovering the isotopic seconds to 15 minutes. T! 
constitution of an element or determin the ions ranges from 95,000 


ing the packing fraction of a nucleus, electron-volts.”’ 








